Numerous semi-analytical/empirical methods for predicting food freezing times have been proposed, all of which require knowledge of the surface heat transfer coefficient. The empirical nature of the surface heat transfer coefficient can introduce significant error in the freezing time calculation. Therefore, a sensitivity analysis was performed on the freezing time estimation methods of Plank [5,6], Cleland and Earle [9][10][11] Hung and Thompson [12], and Pham [13,14]. The purpose of this analysis was to determine the impact of errors in the heat transfer coefficient upon the calculated freezing times.
If the absolute value of the condition number is less than one, then the freezing time estimation method is said to be stable. This means that large errors in the heat transfer coefficient are attenuated in the freezing time estimation method, thus resulting in smaller errors in the estimated freezing time. If the absolute value of the condition number is greater than one, then the freezing time estimation method is said to be unstable. This implies that small errors in the heat transfer coefficient are amplified in the freezing time estimation method, thus resulting in larger errors in the estimated freezing time. A condition number of one indicates that the freezing time estimation method is neutral. This implies that an error in the heat transfer coefficient causes an equal error in the estimated freezing time. Figure 1 gives a comparison of the condition number versus the Biot number for the seven freezing time estimation methods investigated. The condition numbers of these seven freezing time estimation methods exhibit similar trends, their absolute value increases as Biot number decreases. Thus, the greatest relative error in calculated freezing time, due to relative error in the heat transfer coefficient, occurs when the Biot number is small, i.e., when the surface heat transfer coefficient is small as compared to the thermal conductivity of the food item. Thus, larger relative errors in the estimation of freezing time occur when using small heat transfer coefficients which contain error. At larger Biot numbers, i.e., when the surface heat transfer coefficient is large, compared to thermal conductivity, the error in the heat transfer coefficient is attenuated, thus resulting in smaller errors in calculated freezing time.
The behavior of the condition number with respect to Biot number was found to be identical for both Plank's method and Pham's [14] method. These two methods produce moderate freezing time prediction variations due to variations in heat transfer coefficient and the condition number ranges from -1 at Bi = 0 to zero at Bi . Figure 2 , at Biot number very close to zero (0 Bi 0.02), the condition numbers for Hung and Thompson's method and Cleland and Earle's infinite slab method decrease sharply from approximately -1 at Bi = 0.02 to -2 at Bi = 0. Thus, for these two methods, errors in heat transfer coefficient are increasingly amplified as the Biot number decreases from 0.02 to 0.
Of the seven methods illustrated in Figure 1 , the methods of Cleland and Earle [10,11] for the infinite cylinder and the brick are the least prone to prediction errors due to errors in heat transfer coefficient for Bi > 0.5. As shown in Figure 2 , for 0 Bi 0.5, the condition number of the Cleland and Earle cylinder method steadily decreases from approximately -1 at Bi = 0.5 to -2 at Bi =0. The condition number for the Cleland and Earle brick method sharply decreases from -1.5 at Bi = 0.03 to -4.5 at Bi = 0.
Of the seven methods illustrated in Figure 1 , the method of Cleland and Earle [10] for spheres is the most sensitive to errors in heat transfer coefficient. As shown in Figure 3 , the condition number for the Cleland and Earle sphere method exhibited a narrow, large amplitude oscillation near Bi = 0.28. For Bi 0.28, the geometric parameter, P, is negative for the Cleland and Earle sphere method, and thus, the results of the sphere method are physically meaningless for Bi 0.28. 
